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Abstract 

Context: Baseline concussion testing has been a common practice in head injury management, 

and the administration environment suggests to have an effect on the outcome scores. Due to the 

COVID-19 pandemic, social distancing restrictions prohibited concussion baseline testing in 

group settings. Objective: To compare Immediate Post-Concussion Assessment and Cognitive 

Testing (ImPACT) baseline scores of supervised groups to baselines taken unsupervised 

individually. Design: Retrospective study. Participants: 50 different individuals were selected 

from both the 2019-2020 and 2020-2021 school years; 2019-2020 took the baseline in a 

supervised group setting, 2020-2021 were unsupervised and self-administered the baseline. Both 

groups were from the same institution, matched by age, gender, sport, and history of 

concussions. Procedures: The 2019-2020 athletes took the ImPACT baseline in the institute’s 

library, supervised by the employed athletic trainers. The 2020-2021 athletes were given an 

institution specific access code to input in order to self-administer the baseline at home (or where 

they had computer access). MANOVA was used to compare the composite scores (verbal 

memory, visual memory, visual motor speed, reaction time, and impulse control) and an 

Independent T-test was used to compare the symptom scale. Results: No significant difference 

was found between the composite scores of the two groups [V = 0.45, F(5,94) = 0.89, p = .49]. 

One symptom score, visual problems, was deemed significantly higher in the supervised group. 

Conclusion: The influence of certain test administration factors can have an effect on testing 

outcomes for every individual and must be considered when administering concussion baseline 

testing. Consistent control of administration and scripted instructions in future studies will fill the 

gaps that remain in the debate of baseline administration. 
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Introduction 

Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) is a 

commonly used computer-based neuropsychological (NP) test battery that is used as a tool for 

healthcare professionals when assessing possible concussions.[1] ImPACT testing requires the 

user to input demographic information (e.g., age, sex), and to report any consistent concussion 

related symptoms. ImPACT testing covers six modules: Word Memory, Design Memory, X’s 

and O’s, Symbol Matching, Color Match, and Three Letter Memory. These six modules record 

several scores that reflect the testers speed and accuracy.  

Based on the module scores, five composite scores of verbal memory (memorizing 

words), visual memory (memorizing images), visual motor speed (time it takes to process visual 

stimuli), reaction time (time it takes between a stimulus and response), and impulse control (the 

ability to quickly answer correctly) are generated to assess one’s cognitive function and establish 

a baseline. For example, visual motor speed outputs its score by taking the speed of the correct 

responses of X’s and O’s and Three Letter Memory modules. A couple studies point out how 

visual motor speed and RT scores can be influenced by the type of test administration the tester 

is subjected to, such as being taken in a group or taken individually.[2 3] 

Baseline measures are helpful because the scores can be compared with the same 

individual’s post-concussion scores to assist healthcare professionals in the return to play (RTP) 

decision making process. A baseline measurement is useful in ascertaining a student athlete's 

current neurocognitive state; however, this baseline measurement may not be a true reflection of 

someone's cognitive best. Cognitive best in this case means a reflection of the user’s mental 

speed and accuracy based on the testing module and composite scores.  
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There are variables that influence a person’s overall ImPACT score including but not 

limited to; motivation, fatigue, and pre-existing factors such as age, sex, history of Attention 

Deficit Hyperactivity Disorder (ADHD), and previous concussions.[3-6] Another potential 

common threat pertinent to a baseline measurement is called “sandbagging.”[1] Sandbagging 

means the user intentionally tried to achieve a low score, which connotes an invalid test whereby 

the user scored below normal. Normal in this context pertains to the average scores of over 

16,000 tests taken from those aging 12-59 years old. ImPACT separated the collected tests by 

age and sex and the normative data scores (mean of the scores) are dependent on the users 

specific age and gender. ImPACT has set five “red flags” to help identify individuals who are 

suspected of sandbagging, as well as invalidity indicators that reveal an invalid test.[1 7] Invalid 

tests may have been influenced by some pre-existing factors associated with the user and not 

necessarily be contributed to a concussion.[1] 

Testing environment (testing in groups or individually) and the presence of test proctors 

can possibly influence composite scores and rate of invalid tests. However, these topics need 

further discussion since only a few studies have been conducted using group proctors. Factors 

such as testing environment, convenience, supervision, and time restraints influence ImPACT 

baseline testing and therefore most assessors complete baseline testing in a proctored, group 

setting to complete multiple tests in a timely manner. Moser et al. concluded that group settings 

had higher invalid scores compared to individual test-taking[2] while French et al. and Vaughan 

et al. found no differences between the groups and concluded that the results were due to the 

subjects having proper instructions prior to testing.[8 9]  Kuhn et al. compared proctored testing to 

unsupervised self-administered (not proctored) testing.[3] The study found that the group setting 

had higher visual motor speeds and faster reaction times but no differences in test validity; 
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concluding that the unsupervised individuals assumed the test only scored accuracy as opposed 

to speed and reaction times as well.  

Due to the world-wide pandemic of the COVID-19 virus, the Hawai‘i State Department 

of Education (HIDOE) provided education by “distance learning” format during the 2020-2021 

school year. In addition, the Hawai‘i High School Athletic Association (HHSAA) suspended all 

school affiliated sports at the start of the Fall 2020 school year.[10 11] The standard concussion 

management protocol for secondary school recommends school athletic trainers to conduct 

ImPACT baseline testing prior to the season of 9th and 11th grade. Given the protocol, most 

athletic trainers typically administered ImPACT baseline in group settings; however, it was 

difficult to continue group ImPACT baseline testing due to the unexpected challenges and 

restrictions. As a result, some high school institutions in Hawai‘i chose to let their athletes take 

the ImPACT baseline at home, in hopes of a speedy transition when sports started to take effect. 

The occurrence of another wave of COVID-19 has resurfaced and the uncertainty of group 

ImPACT testing remains in the near future. To this end, the purpose of this retrospective study 

was to compare proctored (by an athletic trainer [AT]), group ImPACT baseline composite 

scores (prior to the pandemic) to at home, unsupervised by an AT, self-administered (during the 

pandemic) scores. This comparison could help healthcare professionals make an informed 

decision when it comes to the administration of ImPACT baselines if the restrictions set by 

COVID-19 continue.  

Hypothesis 

Based on previous research that looked at the comparison of group testing, individual 

testing, proctored and un-proctored testing separately, it was hypothesized that there will be a 

difference between the groups’ composite scores.[2 3 8 9] More specifically, self-administered, at-
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home tests will have slower reaction time and visual processing speed composite scores than the 

baselines taken in a supervised group. 
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Methods 

This retrospective study investigated the differences in ImPACT baseline composite 

scores from one interscholastic high school in two consecutive school years; one administered at 

school in a supervised group setting versus unsupervised, self-administered at home. All 

participants had consent forms signed by their guardians. Internal review board approval from 

the University of Hawai‘i Committee of Human Studies (#18431) allowed access and use of all 

ImPACT scores from Interscholastic high school student athletes in the state of Hawai‘i.   

High School’s ImPACT Baseline Procedure  

The participating private high school institution administered ImPACT to their students 

every two years, in the beginning of 9th and 11th grade season. If an athlete sustained a 

concussion, the institution would have the athlete take a post-injury ImPACT test within 72 

hours of injury and again when they were symptom free. The school's athletic trainer reviewed 

every post-injury test and makes clinical decisions based on the score differences from baseline. 

These decisions included sending the scores to a neuropsychologist, who was trained in ImPACT 

interpretation, when it deems fit. 

Participants who were administered ImPACT in the 2019-2020 school year would sign 

up for a designated time and date with the schools AT to take the baseline. The baseline 

schedules were dependent on the availability of the school’s library and the student athletes. The 

student athletes would come to the library at the time and date they signed up for. The library 

was equipped with enough desktop computers to accommodate about 20 student athletes to take 

the baseline simultaneously. Once the student athletes entered the access code into the ImPACT 

website, they could begin the baseline and when they were finished they could leave. Manual 
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stated that test administration takes about 20-25 minutes; however, individuals age and speed in 

responding are dependent.    

Due to restrictions of having large groups accumulate together due to COVID-19 in the 

2020-2021 school year, the private high school had their student athletes take the ImPACT 

baseline at home. The student athletes were provided with the ImPACT website and an access 

code that was linked to their institution and took the baseline, unsupervised by an AT, from their 

residence (or any place they had internet access). The students took the baseline in their free 

time, so there was no set date or time they were taken. As a result of no supervision, it is 

unknown what device (i.e. iPad, desktop, laptop) was used and if an external mouse was utilized 

(recommended by ImPACT manual).[1] All of the student athletes scores (from both groups) 

were stored in the ImPACT database. 

Participants 

Participants were student athletes from a local private high school, ages 13-18y/o, from 

the 2019-2020 and 2020-2021 school years. The initial population for the 2019-2020 and 2020-

2021 school years include 332 and 182 participants, respectively. Inclusion criteria were: (1) 

high school student athletes (educational level 9-12) and (2) English reported as their primary 

language. Exclusion criteria included: (1) reported a history of a learning disability (LD) or 

Attention Deficit Hyperactivity Disorder (ADHD). Due to the school’s procedure of only doing 

baselines every two years, this means the two groups are different individuals but the cohorts are 

matched by sex, age sport, and number of previous concussions and participants were de-

identified. De-identified data extraction included age, sex, sport, history of concussions, and the 

composite scores of verbal memory, visual memory, visual motor speed, reaction time, and 

impulse control. 
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Materials 

 The NP test battery used for the cognitive baselines was the ImPACT test (ImPACT 

Applications Inc.©, Coralville, IA), version 3. ImPACT was taken through their online website, 

so internet must be available at the time the test is administered. ImPACT had six testing 

modules that calculate five composite scores (verbal memory, visual memory, visual motor 

[processing] speed, reaction time, and impulse control). The five composite scores and the users 

input demographics was the material extracted and utilized. Based on previous studies, 

ImPACT’s had a 6% rate of invalid baseline scores for those 10-18 years of age and an >80% 

chance of detecting potential sandbagging.[12] ImPACT’s test-retest reliability for all composite 

scores fell between low and moderate, meaning it does not achieve good reliability.[13] A 

systematic review concluded that ImPACT’s diagnostic accuracy and predictive validity are 

inconclusive; however, it is shown that it yields a 94.6% sensitivity and 97.3% specificity in it’s 

results.[1 14] 

 ImPACT Testing Procedures 

In this section, it will go over specifically what both groups were asked and tested on 

when they started the ImPACT baseline test. Both groups took the same tests and were asked the 

same questions in the same order.  

When accessing, ImPACT had the user input their specific login information. This login 

information was administered through a school affiliation, in which a specific code is given so 

their information is stored with that school affiliation data. Next, ImPACT asked the user to 

input their demographics. This included their sex, age, ethnicity, native language, educational 

level, input of any special needs (ADHD, dyslexia, autism, etc.), concussion history, sport, and if 
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there is any relevant medical history to add. Next is the symptom scale, and finally the user 

selected either “Baseline” or “Post-injury” test option to start.  

ImPACT showed 22 symptoms on their post-concussion symptom scale (PCSS) that are 

linked to a possible mild traumatic brain injury (mTBI), also known as a concussion. Here are 

some symptoms that are listed (but not limited to): headache, nausea, balance problems, 

dizziness, sensitivity to noise or light, sadness, difficulty falling asleep, and difficulty 

concentrating (see Appendix A for an entire list of ImPACTs PCSS). The user selected any 

symptoms they have experienced in the past 24 hours and rate them on a scale from zero to six. 

Zero being they have not had that symptom and six meaning the symptom is very severe. At the 

end, ImPACT generated a total symptom score and a symptom severity score. The total symptom 

score is the sum of all the symptoms the user is experiencing (if they put a one or above on the 

severity). For example, if the user put four for headache, three for nausea, and zero for the other 

20 symptoms then their total symptom score would be two. The symptom severity score was a 

sum of the severity rate the user selected. So, if the user selected a severity of two on all 22 

symptoms, their severity score would be 44. After the PCSS the user began the test battery.[1] 

The NP portion had six modules: Word Memory, Design Memory, X’s and O’s, Symbol 

Matching, Color Match, and Three Letter Memory. Word Memory was used to evaluate verbal 

recognition memory and attention processes. This module showed the test taker 12 words, one at 

a time, for 750 milliseconds per word. It showed the list of 12 once more. Afterwards, the test 

ran through random words and had the user select “yes” or “no,” identifying if that particular 

word was one of the original 12. After the user completed all six modules, they were tested again 

to recall the 12 words from the beginning. Design Memory evaluated visual recognition memory 

and attentional processes. This module was the exact same as Word Memory, but instead of the 
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user having to recall words the user had to recall a fractal design (see Appendix B for a visual of 

the Word Design Module). The user had to recall the designs after all the completion of the 

modules as well. 

X’s and O’s module consisted of two parts: a distractor task and a memory task. This 

module was used to assess visual processing/visual motor speed, and visual working memory. 

The distractor task was given first and the user has to do a specific action of hitting the “Q” 

button on the keyboard when a red circle appears or hit the “P” button when a blue square 

appears. The user does not know which will appear, and therefore must recognize and hit the 

corresponding button as quickly as they can. After the distractor task, the user did the memory 

task. The user was shown a screen for 1.5 seconds in which a random assortment of X’s and O’s 

was presented. Three of the X’s or O’s on the screen will be yellow in color. After the 1.5 

seconds the user was sent back to the distractor task, after they complete the distractor task the 

same screen of X’s and O’s will be presented. The user was instructed to recall which X’s or O’s 

were in yellow from the previous screen (see Appendix C for a visual of the X’s and O’s 

module). The user completed four trials of that sequence.     

Symbol Matching would follow, evaluating memory, learning, and processing speed. The 

user was given a grid. The top of the grid had nine common symbols (square, arrow, circle, etc.) 

and directly under each symbol is a number button, one through nine. Below this grid one of the 

symbols will appear and the user has to click on the number button corresponding to that symbol. 

There are 27 trials of this. After the 27th trial all the symbols will be removed from the grid. The 

symbols appear below the grid and the user must recall the correct symbol to its corresponding 

number. Module five is Color Match, this will measure impulse control and response inhibition. 

The user will first be tested by clicking a blue, red, or green button as instructed to ensure that 
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color blindness will not affect this task. In this module, the name of a color will be presented on 

the screen and the word will also be colored. The user must click the box as fast as they can 

when the word and the color match. For example, the user would click the screen if the word 

“red” was displayed in red ink and refrain from clicking the screen if the word “blue” was 

written in green ink.    

The last module, Three Letters, measures visual-motor response speed and working 

memory and the user is first given a distractor task. A 5x5 grid with the numbers 1-25 is 

presented in a randomized order. The user must click on the numbered buttons as quickly as 

possible in backwards order, starting with 25. After the user is finished, they will be given three 

consonants to memorize. After the three letters disappear the randomized grid reappears, in a 

different order, and the user has 18 seconds to get as far as they can clicking the numbers in 

backwards order. After 18 seconds, the user had to type in the three letters that were presented to 

them prior. The user will complete five trials of this sequence. 

ImPACT Module Scoring Procedure  

Each module received its own score, consisting of six composite scores that are 

calculated after the user completes the test battery. Each module develops its own score to reflect 

the user's accuracy and speed. Word Memory identifies the number of correct “hits” and 

“distractors” that were immediately identified. “Hits” being the amount of times the user 

identified one of the 12 words given to memorize and “distractors” being the words used that 

were not part of the 12 (distractor words). The total of the two are then added together, divided 

by 24, and multiplied by 100 to give the “learning percent correct.” Then it identifies the amount 

of “hits” and “distractors” that were correct but the reaction was delayed. These two are added 

together, divided by 24, and multiplied by 100 to give the “delayed memory percent correct.” 



17 

 

The “learning percent” and the “delayed percent” are then added and divided by two to give the 

“total percent correct.” Design Memory score was calculated the exact same way.[1]  

X’s and O’s score takes the “total Correct (memory)” from the amount of correctly 

identified X’s and O’s (12 max total). The rest of the scoring is based on the distractor test. 

“Total correct (interference)” and “total incorrect (interference)” gives the score of the number of 

correct and incorrect responses respectively. “Average correct Reaction Time (RT) 

(interference)” and “total incorrect RT (interference)” gives the average RT for the correct and 

incorrect responses respectively. Symbol Match calculates the “total correct (visible)” and “total 

correct RT (visible).” Taking the total amount of correctly identified symbols (27 max total) and 

the average reaction time of the correct responses. “Total correct (hidden)” and “total correct RT 

(hidden)” calculates the correct responses when the symbols were hidden.[1]  

Color Match calculated “total correct,” “total commissions,” “average correct RT,” and 

“average commissions RT.” These show the number of correct and incorrect matches/responses 

and average reaction time for correct and incorrect matches/responses respectively. Three Letters 

calculates “total sequence correct,” which is the total number of letter sequences the user got 

correct (out of five). “Total letters correct” is the sum of correctly remembered letters, regardless 

of the sequence (15 max total). Based on the last score, “percent of total letter correct” is 

calculated. For the distractor portion, “average time to first click” is the time it took for the user 

to make the first click of the mouse (identifying number 25 of the backwards sequence). 

“Average counted” and “average counted correctly” are calculated based on the average number 

of numbers clicked (regardless of errors) and the average number of numbers clicked that were 

in the correct sequence respectively (see Appendix D for a blank clinical report of the module 

scoring).[1] 
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ImPACT Composite Scoring Procedure  

These six modules produced five composite scores and used dependent variables: verbal 

memory, visual memory, visual motor speed, reaction time, and impulse control. Composite 

indices are expressed in percentiles and used to provide the information for the user’s cognitive 

performance. Verbal memory is the average score of modules one, four, and six combined. So, 

the sum of module one’s “total percent correct,” module four’s “total correct hidden” (divided by 

9 and multiplied by 100), and module six’s “percent of total letters correct.” The sum of these 

three is then divided by three to get an average percentile, also known as the verbal memory 

composite score. Visual memory takes the average of module two’s “total percent correct” and 

module three’s “total correct (memory)” (divided by 12 and multiplied by 100) (see Appendix E 

for a visual of how visual memory composite score is calculated).[1] 

Visual motor speed is the average of module three’s “total correct (interference)” 

(divided by four) and module six’s “average counted correctly” (multiplied by three). Reaction 

time composite is calculated by taking the average of module three’s “average correct RT 

(interference),” module four’s “average correct RT (visible)” (divided by three), and module 

five’s “average correct RT.” Impulse control composite is calculated by taking the average of 

module three’s “total incorrect (interference)” and module fives’s “total commissions.”  

Test takers who have both a baseline and a post-injury test from a mTBI, a RCI score was 

given for each module and composite score. The RCI score is there to help the healthcare 

professional identify when there is a statistically significant change between the user’s baseline 

and post-injury test scores. If there is a significant difference the score will appear in red ink on 

the user’s clinical report.  
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Statistical Analysis 

 All data were analyzed using Statistical Package for Social Science (SPSS) Version 28.0 

(IBM®, Chicago, IL). Multivariate analysis of variance (MANOVA), with an alpha level of p< 

0.05, was conducted to assess differences in composite scores between the two groups. 

Independent variables are identified as a supervised group and unsupervised self-administered 

group. Dependent variables were the five composite scores, which were verbal memory, visual 

memory, visual motor speed, reaction time, and impulse control. Based on the G*Power 

analysis[15], the estimated sample size for repeated measures (between factors) MANOVA would 

be 44 with effect size of 0.25 and power level at 0.95. The 22-symptom checklist were also 

analyzed using an independent-sample t-test, with an alpha level of p< 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 

 

Results 

Data screening 

 A total of 528 ImPACT data were analyzed in this study. Of which, 346 were from at 

school administration, under supervision in 2019 and 182 were from at home, unsupervised 

administration in 2020. Then, the data was screened and any irrelevant data such as post-

concussion ImPACT data (n=14), data with missing sports (n=79), out of target age range 

(n=67), and duplicate baseline (n=10) were removed. Then, samples from 2019 were matched 

with 2020 with the following demographic information: age, sex, sport, and history of 

concussion. After sample matching, there were a total of 104 students (at school n=52 & at home 

n=52). Descriptive analysis of the data revealed a total of two outliers, and Mahalanobis distance 

determined their removal. The removal of these outliers in the composite score finalized a total 

of 50 matched participants in each group. See Figure 1 for a visual of the data screening. 
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Demographics  

Participants’ ages ranged from 13 to 17 years old (14.5 ± 1.2 y/o), with 56% (n=56) of 

the participants being male. None of the participants reported a concussion history. There were a 

total of 12 sports, the most common being volleyball (n=12), tennis (n=8), and cross country 

(n=7) in each group. A full summary of the demographic’s can be found in Table 1.  

 

 

Composite Scores  

 In all the data analyzed, none of the baselines were flagged as invalid. Kolmogorov-

Smirnov and Shapiro-Wilk tests were deemed significant for 3 out of 5 dependent variables 

(verbal memory, reaction time, impulse control), which indicates potential violation of normality 

assumption. However, since the total sample size of 100, in our study, was larger than the 

suggested G-power analysis[15] total sample size of 44, a parametric MANOVA was run for this 

data. The at home group had higher mean percentages in verbal and visual memory and better 
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impulse control when compared to the supervised group. Verbal memory being 86.72 ± 9.24 for 

the self-administered and 84.28 ± 10.31 for the supervised group, visual memory 77.1 ± 12.85 

and 76.28 ± 12.67, and impulse control 6.08 ± 4.88 and 6.48 ± 4.46, respectively. The 

unsupervised, self-administered group had worse visual motor speeds (36.1 ± 5.48, 37.89 ± 6.89) 

and slower reaction times (0.65 ± 0.1, 0.63 ± 0.08) when compared to the supervised groups. See 

Table 2 for the means and standard deviations. 

 

 Box Test, testing the assumption of homogeneity of variances, also deemed no 

significance between the two (p=0.18). Using Pillai’s trace there was no significant difference in 

composite scores between groups [V = 0.45, F(5,94) = 0.89, p = .49]. See Table 3 for MANOVA 

results.  
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Symptom Checklist 

 Independent T-test was conducted to compare scores for each symptom and total score. 

Levene’s Test, assessment of the equality of variances, deemed 7 of the 22 symptoms as 

significant (fatigue, light sensitivity, numbness and tingling, feeling mentally foggy, difficulty 

concentrating, difficulty remembering, and visual problems). For these 7 symptoms, Independent 

T-test results looked at equal variances not assumed. Though not statistically significant, the 

supervised group had a higher means in the total symptom score when compared to the 

unsupervised, self-administered group (6.58±8.19 and 6.22±7.52 respectively, p=0.82). The 

supervised group also reported slightly higher symptom scores when compared to the 

unsupervised, self-administered group for headache (.36±.66, .34±.96, p=0.90), vomiting 

(.10±.36, .06±.31, p=0.56 ), sleeping less than usual (.80±1.13, .64±1.05, p=0.46), drowsiness 

(.18±.56, .10±.30, p=0.38), light sensitivity (.38±.83, .20±.50, p=0.19), noise sensitivity (.10±.36, 

.08±.34, p=0.78), irritability (.44±1.09, .32±.74, p=0.52), sadness (.68±1.0, .62±.92, p=0.76), 

numbness and tingling (.10±.36, .04±.20, p=0.31), feeling mentally foggy (.30±.65, .10±.51, 

p=0.09), and difficulty remembering (.46±.86, .20±.67, p=0.10). See Table 4 for the complete list 

of symptom scores means and standard deviations.   
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 Of the 22 symptoms, Independent T-test showed that only visual problems had a 

significant difference in the supervised group when compared to the unsupervised individual 

group (.28±.79 supervised and .06±.31 unsupervised; p=.047). Table 5 has the complete list of T-

test results.  
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Discussion 

 There are few studies that compare different ways to administer ImPACT baseline tests. 

Of those studies, they compared either supervised and unsupervised[3] or group and individual[2 8 

9] test taking. This is the first study to combine these two conditions and report the comparison of 

ImPACT baseline tests of supervised groups to those of unsupervised individually. Our study 

concluded that there were no significant differences in composite scores between the two groups; 

however, from a health care professional standpoint it would be best to keep test administration 

supervised. Supervision ensures that the test taker did in fact take the test for themselves and 

there are no outside factors contributing to potential distraction.  

 One observation to be made is Moser et al.[2] found that baselines taken in an individual 

setting had better visual motor speed and reaction time scores. That study concluded that group 

settings are subjected to higher rates of distraction and test interruptions than individual testing. 

The same two composite scores that Moser et al. deemed significant also had a significant 

difference in Kuhn et al.[3] study, but in favor of the supervised baselines. Kuhn et al. concluded 

that those who took the test unsupervised only thought that accuracy mattered and may not have 

considered that speed and reaction as factors that contribute to the final composite scores. 

 An observation noted in our study is that the groups had combined factors of supervision 

and group vs. individual setting and previous literature concluded that those two factors canceled 

each other out. Being those who took the test in an individual setting had better visual motor 

speed and RT and those who were not supervised had worse visual motor speed and RT, and vice 

versa. This can explain why there was no statistically significant differences between our studies 

groups in visual motor speed and reaction time. Though not statistically significant, our results 
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showed similar trend of the unsupervised, self-administered individuals having slightly worse 

visual motor speed and slower reaction time means when compared to the supervised group.   

 Since this is the first study that combines two factors in each group, it is unsure which 

factor could have a bigger influence on the individual taking the test (group, individual, 

supervised, or unsupervised). It can be speculated that supervision has the greater influence on 

testing scores because our study showed that the unsupervised individual test takers had worse 

visual motor speeds and RTs when Moser et al.[2] found supervised individual testing had greater 

composite scores of the same two. A future study design that separately tests these four factors, 

using the same individuals with scripted instructions would be beneficial in testing which factor 

contributes more to test scores. This also leads into the importance of having a baseline that is 

tailored to that individual to ensure the most appropriate route for treating a possible head 

injury.[16 17]      

 Looking at the studies that compared group testing to individual testing, they all found 

and concluded different findings. Moser et al.[2], Vaughn et al.[9], and French et al.[8] were each 

cohort studies looking at the similar age ranges to the ones recorded in this study. Vaughn et al. 

found that those taken in groups had a higher error rate in impulse control and invalid baselines, 

Moser et al. found that baselines taken in an individual setting had better visual motor speed and 

reaction time scores, and French et al. found no differences. Both Vaughn et al. and French et al. 

concluded that regulated baseline administration and thorough instruction are key when 

distributing the ImPACT baseline and post-concussion tests. French et al. used specific 

instructions pre the ImPACT manual and encouraged test takers to read the instructions and do 

their best. Using an instructional script when administering ImPACT tests is a good clinical 

consideration to implement so there is no confusion for the test taker.  
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 French et al.[8] found that baselines taken in a group setting reported lower symptom 

severity scores than those who took the baseline individually, while Moser et al.[2] found no 

differences between the two groups. Although not significant, the total symptom score means for 

unsupervised, at home baseline (6.22 ± 7.52) were less than those who took the baseline in a 

supervised group (6.58 ± 8.19). In our study, the symptom of visual problems was significantly 

higher in the supervised groups than the unsupervised at home. Since our supervised group was 

tested after school in the affiliated schools library, the prolonged exposure to fluorescent lighting 

could have been the influencing factor.[18]  

 Limitations  

 Due to this study being retrospective in nature, there were several uncontrollable factors 

to consider. Although the groups were matched, comparing NP tests of two different individuals 

is a limitation due to each person having their own unique neurocognitive ability. Another 

consideration is that though the 2019-2020 (supervised group) baselines were consistent in 

administration, the 2020-2021 (unsupervised, self-administered) can not report the same. The 

ImPACT manual recommends the use of an external mouse as well as a quiet environment with 

no distractions (ex. television, cellular device) and these were unknown in the self-administered 

group.[1] Another limitation is that most of the ‘at home’ participants “skipped” their 

demographic inputs. This means that the history of concussions and those with possible ADHD 

went unanswered. An ImPACT database search allowed to see if those participants who skipped 

had a previous concussion in the past; however, the ImPACT database only accounts for 

however long the participants played school affiliated sports. So, this does not account for any 

concussions sustained before enrolling in school affiliated sports. Though, it is shown in the 

literature that having a history of one or more concussions does not affect future ImPACT 
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baselines.[19-21] Additionally, all participants are from a specific geographic location in the United 

States, so results may not be applicable to athletes in other parts of the country and in other 

countries. Future studies testing the same individual in each group with consistent instruction are 

warranted to better address supervised group scores to unsupervised individual scores. 
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Conclusion 

 Baseline testing in neuropsychological tests is a common and beneficial practice for 

concussion management; however, the best administrational practice for optimal effort scores 

remains unclear. This study was able to look at a group of athletes subjected to conditions put in 

place due to the COVID-19 pandemic restrictions. Although there were no statistical differences 

found in the composite scores and our directional hypothesis was rejected, other studies have 

concluded differences in group, individual, supervised, and un-supervised ImPACT baseline 

testing.[2 3 9] Our study can expose further questions on baseline administration in the future if 

past COVID-19 restrictions return or other circumstances arise. A study with consistent control 

and standardization of group and individual testing environments with scripted instructions to 

both supervised and unsupervised groups could help fill those gaps and present beneficial 

answers.   

 

 

 

 

 

 

 

 

 

 



32 

 

 

 

 

Review of Literature 

According to the Centers for Disease Control and Prevention (CDC), concussion baseline 

testing is a good tool for trained health care professionals to use to compare with post-injury test 

scores and to aid in assistance when making diagnosis and treatment decisions.[22] ImPACT has 

also been found to be one of the most used concussion assessments.[23] Considering the pandemic 

of COVID-19 that is currently affecting sports across the world, the administration of ImPACT 

testing has changed and it is important to know if these changes could potentially influence a 

user’s baseline scores. The purpose of this literature review was to cover all aspects of the 

ImPACT test and previous studies covering group and individual test-taking.   

ImPACT 

ImPACT is a computer-based NP test battery that uses objective measures of 

neurocognitive functioning to assist healthcare professionals in the assessment and management 

of concussions.[1] NP assessment is used to check the users performance in the core cognitive 

domains (the composite scores). The five cognitive domains include verbal memory, visual 

memory, visual motor speed, reaction time, and impulse control. Each domain is given a 

numerical score based on the module scores (further details of testing modules and scoring in 

Methods) in order to differentiate between normal cognitive function and abnormal cognitive 

function (mTBI, mental illness, or disease).[1 24] Normal cognitive function in this context refers 

to ImPACT’s normative data.     

Invalidity of the ImPACT Test  
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A survey of 399 ATs across the US revealed that 94% administer concussion baseline 

tests to their athletes.[25] Baselines are used to help compare post-concussion test scores to the 

athletes personalized pre-concussion normative. Of the 94% of ATs who administered baselines, 

only 54% of them checked for invalid tests. Checking for invalid tests means the AT is checking 

the composite scores to see if the users scores were below the recommended ImPACT scores. An 

invalid test could suggest a possible mTBI but it could indicate possible sandbagging or pre-

existing factors.[1 4-6] Sandbagging is when the test taker purposely tries to score low on their 

baseline so they could return back to sport early, post-mTBI. Athletes who attempt to sandbag 

can influence the rate of validity.   

Due to the threat of sandbagging, ImPACT has established five “red flags” to catch those 

purposely trying to score low. These five “red-flags” are based off of the composite scores and 

flagged when the score is above or below ImPACTs recommendations.[7 26] Along with 

ImPACTs “red flags,” ImPACT also has Invalidity Indicators. An invalid ImPACT score 

signifies that the test taker scored below the ImPACT recommended invalidity indicators for one 

of the scores pulled from select modules. An example would be X’s and O’s Total Incorrect > 30 

or Impulse Control Composite > 30, etc. An invalid score can still occur for individuals with no 

ongoing mTBI or other neurocognitive disability. This can happen through pre-existing factors 

(sex, treatment of headache/migraine, mental illness, and ADHD diagnosis)[4-6], sandbagging, 

and lack of motivation to do well.[1] 

A systematic review[12] found that in three of the 12 studies reviewed, ImPACT failed to 

detect 20% of coached sandbagging. This means that the test takers were given instructions on 

how to score low without having an invalid test score and 20% were able to do so. In the same 

systematic review, the 12 articles assessed had included prevalence rates in their studies and 
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found ImPACT to have a prevalence rate of invalid performance on baseline testing to range 

between 2.7-27.9%.[1-3 5 27 28] After removing an outlier, the weighted prevalence rate came to be 

6.1% of invalid tests. When looking at the studies that tested youth and high school students (10-

18 y/o), the weighted prevalence rate came to be 6.0%. This means that 6% of individuals who 

are 10-18 years old who are administered ImPACT will receive an invalid score.[12] A 

retrospective study[26] of 6,346 high school athletes in Hawai‘i found 51.99% had valid baseline 

profiles, 4.24% had invalid scores, and 47.42% had red flag (possible sandbag) scores and 3.64% 

had both invalid and red flag. Of the 47.42% who obtained sandbagging scores: 52.94% had one 

sandbagging score, 26.65% had two sandbagging scores, and 9.7% had three sandbagging 

scores. Most articles pertaining to sandbagging had instructed their participants to purposely 

score low for the sake of figuring out validity.  

Though Tsushima et al[26] found high rates of invalid scores and sandbagging, Schatz et 

al[29] found differing results. Schatz et al compared three groups of college aged students. The 

three groups were separated by either being coached on how to successfully sandbag, told to fake 

a concussion without being coached, or to do the best they could. It found that ImPACT was able 

to identify 95% of the naïve (non-coached) and 100% of the coached test-takers. The ImPACT 

manual[1] talked about a study that looked at 75 undergraduate collegiate athletes who had 

already been administered their baselines and were re-administered a second time and instructed 

to “fake bad” without reaching the validity indicators. In this study only eight of the 75 were able 

to fake the test successfully, meaning that ImPACT had an 89% successful sandbagging 

detection rate. Conversely, several authors noted that the occurrence of sandbagging is rare.[5 28]  

ImPACT Reliability 
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A systematic review[30] of test-retest reliability for the ImPACT test reviewed nine studies 

that consisted of mostly high school and college age participants, one study included a 

professional hockey team. The test-retest time frame spanned from 24 hours to two years. 

Baumgartner et al[31] Intraclass Correlation Coefficient (ICC) guidelines were used in this 

systematic review. The ICC guidelines are used to rate the reliability and they suggest when a 

coefficient exceeds 0.8 it has good reliability, moderate reliability occurs when a coefficient is 

between 0.6 and 0.79, and poor reliability occurs when the coefficient falls below 0.6. The ICC 

for each composite score results in Alsalaheen et al[30] were the following: verbal memory (0.23-

0.79), visual memory (0.26-0.85), processing speed (0.38-0.91), and reaction time (0.39-0.88). 

The review also sums up the percentage of participants who had a significant change in scores 

from their retest. These percentages were: verbal memory (5-26.8%), visual memory (2.2-

19.6%), visual motor processing speed (4-24%), and reaction time (4-23.2%). Across all the 

reviewed studies, ImPACT reliability for all composite scores fell between low and moderate. A 

2017 meta-analysis[13] concluded with the same results. This means ImPACT does not achieve 

good reliability. It is an ongoing debate of ImPACT’s reliability and validity.[32]    

Sensitivity & Specificity for ImPACT   

 Sensitivity, for ImPACT, measures the amount of ‘positives’ that are identified correctly. 

Meaning, the ability of ImPACT to correctly identify those with mTBI. While Specificity is the 

opposite, the ability to correctly identify those who are healthy (no mTBI). The manual reviews 

four studies from 2006 to 2015 who covers this topic.[1] Across the four studies, 381 subjects 

were looked at and the authors of the manual concluded that ImPACT has the ability to yield 

91.4% sensitivity and 69.1% specificity for those who were symptomatic (reporting symptoms). 

For those who were asymptomatic (reporting no symptoms), and suspected of hiding a possible 
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concussion, the authors concluded that ImPACT yields 94.6% sensitivity and 97.3% 

specificity.[1]   

Pre-Existing Factors 

Baseline scores can be determined by several pre-existing factors, such as age, sex, 

previous concussions, and the presence of ADHD. A cross-section study[5] of 504 athletes (10-18 

y/o) found that younger (10-12 y/o) test takers tend to have a higher rate of invalid baselines 

(7%) compared to older individuals (13-18 y/o) with a rate of 2.7%. A retrospective study[32] of 

5741 adolescent athletes in Hawai‘i found that ages 13 to 15 had lower composite scores than 16 

to 18 year-olds. Though there were consistent findings for age playing a factor in baseline scores, 

some studies had conflicting findings when comparing males to females. For example, Tsushima 

et al[32] reported females to score higher in visual motor speed, reaction time, impulse control, 

and higher total symptom scores than males. Males had high scores in visual memory. A cross-

sectional study[6] of 486 division I college athletes found that sex had no difference in scores but 

a systematic review[12] found males to have higher rates of invalid performances when compared 

to females.[2 5 33]  

A systematic review and meta-analysis[19] found that adolescents with a history of one 

previous concussion have lower baseline scores in visual memory than those with no previous 

concussion history. There were no differences found in those with more than one previous 

concussion. Tsushima et al[34] compared 41 high school athletes in Hawai‘i, who had not 

received a sport related concussion (SRC) between 2012-2013 school year, and 39 athletes who 

had received a SRC. Among those who had sustained one SRC, five reported a history of 

ADHD, one reported a history of special education, and four reported a history of prior SRCs. 

The group with no mTBI only had one person with ADHD and none reported prior SRCs. He 
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found in the group who sustained a SRC no differences in ImPACT scores pre and post-

concussion. A retrospective study of 483 high school athletes was put into three groups: no 

previous concussion (409), one previous concussion (58), and two previous concussions (16). 

There was no significant difference found between the three groups ImPACT composite 

scores.[21]  

The normative data sample ImPACT conducted and currently uses (more details below) 

found that those who reported having a LD and ADHD had a statistically lower score in their 

visual motor and reaction time composite scores compared to those who reported having no LD 

or ADHD. Cottle et al[6] cross-sectional study of 486 division I college athletes found those with 

ADHD tend to have lower composite scores and a higher rate of invalid baselines than those 

without. Another cross-sectional study[5] of 502 adolescent athletes (10-18 y/o) had the same 

conclusion. Cottle et al[6] also found that those with chronic headache/migraine and those with a 

mental illness (depression, bipolar, etc.) will have higher symptom scores.  

ImPACT’s Normative Data 

If a user does not have a baseline and only takes a post-concussion ImPACT test, the 

users scores will be compared to ImPACTs normative data that was collected and averaged out. 

From 2006-2007, ImPACT collected 16,566 test scores from individuals aged 12 to 59 years old; 

the averages taken from this sample is the set standardization ImPACT uses as their normative 

data. The 16,566 tests were taken from high schools affiliated with Western Pennsylvania 

Interscholastic Athletic League (WPICAL), colleges with previous experience with ImPACT 

across America, Professional sports teams across American, and coaches, teachers, and school 

administrators from the affiliated schools. All the tests were administered, supervised, and 

collected by neuropsychologists, psychologists, graduate students majoring in athletic training, 
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neuropsychology, or psychology, ATs, and nurses who were properly trained in the 

administration and use of ImPACT. Prior to subject inclusion, all participants had to complete a 

physical examination, they were all also symptom free and reported no occurring medical or 

psychological conditions. Subjects also reported no previous history of meningitis, epilepsy, or 

any other neurological diseases.[1]  

Of the 16,566 participants, 72% were male and 28% female. Though the percentage of 

females were greatly lower than males, the sample size was sufficient for establishing normative 

data.[1] The normative sample consisted of athletes who participated in the following sports: male 

and female soccer, lacrosse, swimming/diving, rowing, volleyball, track and field, and cross 

country. Sports that only males participated in included football wrestling, and baseball; only 

female sports included softball, cheerleading, and field hockey.  

Most ages were grouped together in an age range of 12, 13-15, 16-18, 19-29, 30-39, 40-

49, and 50-59 years old. The 13-15 and 16-18 ages made up most of the 16,566 participants; both 

groups containing 38% of the sample size (76% of the total). Less than one percent of the sample 

size reported any LD and 4% reported a history of ADHD. If there is no baseline for a user and 

only post-concussion results, the manual states that the normative values will show in the clinical 

report for clinicians to use to compare.[1]  

The United States Census Bureau shows that over 75% of the population is white.[35] So, 

it can be suggested that the normative scores for ImPACT can overlook the norms of minorities. 

In a retrospective study[36] of ImPACT baselines of 405 professional baseball athletes (304 

players were native-English speakers and 101were native Spanish speakers) it showed that native 

English speakers score higher verbal memory, visual memory, visual motor speed, reaction time, 

and total symptom scores than native Spanish speakers. Blake et al[37] had 58 bilingual English–
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Spanish-speaking undergraduate students take an ImPACT baseline in both English and Spanish. 

The results showed that Spanish-English speakers scored better on ImPACT when it was in 

English compared to Spanish. A prospective case–control[38] design matched two cohorts (age, 

sex, and concussion history) of 48 white and 48 black high school and college aged athletes and 

found no difference in scores between the two.  

Tsushima et al[39] looked at 247 private high school student athletes in Hawai‘i and found 

that the male athletes scored similar composite scores to ImPACTs suggested normative. 

However, the retrospective study[32] of 5741 high school athletes (mentioned above) from 36 

schools in Hawai‘i found that athletes of asian backgrounds scored higher in all 6 modules than 

those of hawaiian/pacific islander descent. Athletes of asian descent also scored higher in visual 

motor speed, reaction time and impulse control than those of a mixed ethnical background. 

Those of a mixed ethnical background had better scores all around (except impulse control) than 

those of hawaiian/pacific islander backgrounds. In the same study, Tsushima et al found that 

high school athletes who participated in soccer, basketball, and volleyball had better baseline 

scores than those who participated in football.[32]  

Testing Environment  

ImPACT baseline is usually administered in a group setting for those playing on a school 

affiliated sports team due to convenience and time management. Post-concussion testing is 

usually administered individually. Moser et al[2] performed a cohort study comparing the test 

results of high school athletes who took the ImPACT baseline either in a group or individually. 

Of the two groups, the ‘group setting’ consisted of 164 participants and the ‘individual setting’ 

had 167 participants. Moser et al found more invalid baselines occurred to those taken in a 

supervised group setting than to those taken in a supervised individual setting. Also, tests taken 



40 

 

in a group had worse motor processing speed and reaction time than the individual test takers. 

However, the proctors did not have a set script for delivering thorough instructions. Another 

cohort study[9] comparing 313 individuals who were tested individually to 626 individuals tested 

in a group setting (ages 5-18 years) found that 11.2% of baselines taken in a supervised, 

instructed group were invalid compared to 1.7% invalid baselines in the individually supervised, 

instructed group. Findings also showed those taken in a group had a higher error rate on the 

impulse control score.  

 French et al[8] argued that it did not matter if the baseline was taken in a group or 

individual setting, the only thing that mattered was if the test takers had clear and specific 

instructions. French et al was a cohort study looking at 500 athletes testing in a group 

environment and 500 athletes testing in an individual environment (all aged 10-18 years). The 

results found no difference between group and individual baselines because both were 

administered scripted instructions before proceeding with the test.[8] Kuhn et al[3] is the only 

study that looked at 1070 supervised vs 1070 self-administered, non-supervised matched 

(number of prior concussions, sex, and grade) baselines of high school athletes. The results 

found that supervised baselines had higher visual motor speeds and faster reaction times. 

However, it does not mention if either group was given instructions prior to administering the 

baseline tests. 
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Appendix A: ImPACT PCSS  
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Appendix B: Design Memory Module 

 

Appendix C: X’s and O’s Module 
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Appendix D: Visual of Module Scoring Components  
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Appendix E: Manual Example of Visual Memory Composite Scoring  
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